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ABSTRACT
In most o f the United States, overwintering redclaw crayfish (Cherax
quadricarinatus) is necessary because they cannot withstand winter temperatures.
Consequently, hatcheries are required to produce juveniles for pond stocking. The
objectives o f this study were: (1) identify biological factors affecting production of
juvenile redclaw, (2) determine production capabilities of a redclaw crayfish
hatchery, and (3) determine the economic potential o f redclaw hatcheries.
Experiments were designed to assess fecundity and factors influencing spawning such
as stocking density, male/female weight, diet, mortality, and cannibalism. Research
was also conducted to determine egg development time, hatching success, and
juvenile growth and survival. Pooled survival and spawning data were used to
estimate total production. Production data and information available from redclaw
producers were compiled to determine the economics o f juvenile redclaw production.
Results o f these studies showed no suppression o f spawning at densities up to
32 crayfish/m2 (P=0.59). Male size did not affect spawning success when males were
within 25 g o f each other (P=0.39), but mixed males (small, medium and large,
together) resulted in a 49% reduction in spawning (P<0.05). Female size did not
affect spawning activity (P=0.57). Varying dietary protein levels from 30% to 45%
and adding beef liver or soybean supplements had no effect on the number o f eggs
per gram of female (P=0.42). Total broodstock mortality increased linearly with
increasing stocking density (jP<0.05), and was lower (P<0.05) in tanks containing
small males (40-65 g). Cannibalism was lower when crayfish were fed a 30% protein

crustacean diet with beef liver supplements (P<0.05). Average number o f eggs per
gram o f female body weight was 6.3±3.8 (mean±SD). Egg incubation took 40.9±3.2
days (mean±SD) at 28°C, from the first developmental egg stage (khaki/olive color).
Egg loss through incubation was high (60.5%), mostly due to handling stress.
Juvenile production was 3.9±0.9 juveniles per gram o f female when grown to 0.5 g
(mean weight). During the experiments, gravid females were encountered at a rate of
4.8% per week while total mortality (cannibalism and death) averaged 2.8% per
week.
Economic results indicate that raising redclaw is limited for markets in which
juveniles will be sold for pond stocking. Based on production and economic data,
juvenile costs are approximately $0.49 each.

INTRODUCTION
O f the 50 or more species o f Australian freshwater crayfish, only three
species, all in the genus Cherax, appear to have potential for large-scale aquaculture
production. These species include: marron (C. tenuimanus), yabbie (C. destructor),
and redclaw (C. quadricarinatus). O f these three species, the redclaw {Cherax
quadricarinatus) has emerged as the species with the most aquaculture potential in
Australia and other parts o f the world. Since its introduction to aquaculture,
enthusiasm for this species has expanded throughout the globe. Confirmed reports
exist for redclaw's introduction into Bahamas, Belize, Britain, China, Costa Rica,
Ecuador, Fiji, Guatemala, Israel, Jamaica, Mexico, South Africa, and Taiwan.
Redclaw crayfish are relative newcomers to aquaculture in Australia and abroad. The
first serious production trials in Australia began as early as 1985 (Hutchings 1987).
In 1988, redclaw were introduced into the United States by a Missouri-based
company using the trade name "Freshwater Lobster". In 1989, redclaw aquaculture
research began at Auburn University which resulted in encouraging pond production
figures. Since 1989, several private companies and other research institutions,
including the Louisiana Agricultural Experiment Station, have assessed the
aquaculture potential o f redclaw crayfish.
Although redclaw is a species worthy o f continued research, there are
constraints that must be resolved before redclaw aquaculture can become
commercially viable in the United States. The major drawbacks are as follows: (1)
Overwintering is necessary because redclaw cannot withstand winter temperatures in
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most parts o f the U.S. (Medley 1991; Medley et al. 1993; Medley and Avault,
unpublished data, 1994), (2) Regulatory and environmental constraints limit redclaw
aquaculture, particularly in the southern U.S. where warm water temperatures may
allow the establishment o f self-sustaining populations. In Louisiana, for example,
permits are required for every shipment brought into the state, and no outdoor pond
culture is allowed, (3) Imported diseases, and/or stock losses from native pathogens
are still a menacing threat. While no catastrophic losses have occurred in pond
production, there have been some disease related mortalities in intensive hatcheries
((Medley et al. 1993; Medley and Avault, unpublished data, 1994), (4) Although
respectable yields have been attained in the U.S. (up to 1,400 kg/ha), aquaculturists
have failed to produce large, marketable animals (80-150 g) and high yields in unison
due to the limited growing season (Nelson et al. 1992; Pinto 1993; Medley et al. in
press). In the U.S., redclaw have been grown successfully as a summer crop since
1989, but results have been mixed. Forced harvests due to cold weather combined
with late spring stockings have failed to produce an entire crop o f "lobster-sized"
redclaw as many had envisioned, (5) There is little or no existing market for food
grade redclaw although indications are that it will be favorable once developed
(Rubino 1992), (6) The current prices o f juveniles and broodstock are prohibitively
high (Nelson et al. 1992; Medley et al. in press; Medley and Avault, unpublished
data, 1994).
Most juvenile production in the U.S. is occurring in expensive, intensive
hatcheries. So far, all commercial hatcheries have failed to produce the numbers that

they anticipated. Five or six commercial hatcheries are in existence, and most fall
short o f expected production for the following reasons: (1) cannibalism among
juveniles and broodstock, (2) egg loss from handling, (3) the lack o f available skilled
labor to deal with the requirements o f redclaw, (4) disease (molt death syndrome,
bacterial infections, and some parasitism), (5) the lack o f adequate facilities to
provide redclaw with optimum growth conditions, and (6) the naturally low fecundity
o f redclaw. As a result o f their production shortcomings, some producers have been
supplementing their hatchery raised stocks with imported stocks from Australia.
Although pond production o f redclaw is biologically feasible in the southern
U.S., juvenile production remains a limiting factor. This study was designed to
address some o f the limitations o f juvenile production in terms of hatchery
production capabilities and costs.
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CHAPTER 1: PRODUCTION CAPABILITIES AND FACTORS INFLUENCING
PRODUCTION OF AN AUSTRALIAN REDCLAW CRAYFISH (CHERAX
OUADRICAR1NATUSI HATCHERY IN THE UNITED STATES

INTRODUCTION
In 1988, aquaculture research with Australian redclaw crayfish (Cherax
quadricarinatus) began in the United States. Redclaw were imported as candidates for
commercial aquaculture because o f their outstanding culture characteristics. For
example, redclaw have no free-living larval stages. They reach sexual maturity in
approximately 6 months and can spawn several times a year (Sammy 1988; Semple
et al. in press). Female redclaw can lay from 100 to 1000 eggs, depending on their
size (Sammy 1988; Jones 1990a; Masser and Rouse 1993). They have an average
time between spawn and release o f juveniles ranging from 4 to 8 weeks (Sammy
1988; Jones 1990a; Masser and Rouse 1993).
At 4 to 5 years o f age, redclaw grow to a maximum size o f 400+ g
(Hutchings 1987; Jones 1990a). In culture ponds, average first year growth is
approximately 50 to 150 g (Jones 1990a; Medley 1991; Merrick and Lambert 1991;
Rouse et al. 1991). Greater than 70% o f maximum growth can be achieved at
temperatures ranging from 23-31°C (Jones 1992).
Adult redclaw tolerate dissolved oxygen down to 1 mg/1, un-ionized ammonia
concentrations up to 1 mg/1 and nitrites as high as 1 mg/1 for short periods without
noticeable long-term effects (Rouse et al. 1991; Semple et al. in press). The reported
total ammonia-nitrogen and nitrite-nitrogen 96-hr LC50's for juvenile redclaw are
16.8 and 4.7 mg/1, respectively at a pH o f 8.6 (Liu el al. 1994). Redclaw thrive and

reproduce in water with total hardness as low as 20 mg/1 and as high as 350 mg/1
(Medley 1991; Rouse et al. 1991). The pH range tolerated by redclaw is between 6.0
and 9.5 (Jones 1990a; Medley 1991; Merrick and Lambert 1991). Although redclaw
are generally found in freshwater, they are capable o f reproducing in salinities up to
18 ppt and can withstand salinities up to and possibly in excess o f 12 ppt for
extended periods with little adverse behavior (Jones 1990a).
Redclaw have been touted as being gregarious and passive, and have been
held at densities up to 400/m2 (Jones 1990; Merrick and Lambert 1991; Du Boulay et
al. 1993). Although they can be held at high densities with little outward aggressive
behavior, in hatcheries they often cannibalize molting crayfish even when well fed
(Medley and Avault, unpublished data, 1993).
In terms o f consumer acceptance and marketability, redclaw will have little
problem competing with closely related market substitutes. Redclaw meat has a mild
flavor and firm, pleasing texture. It has tested favorably opposite rock lobster (Jasus
spp.), slipper lobster (Themis orientalis), jumbo shrimp (Penaeus esculentus), marron
(C. tenuimans), and yabbies (C. destructor) (Jones 1990a; Poole et al. 1990). Redclaw
also have a higher percentage o f tail meat than red swamp crayfish (Procambarns
clarkii) (Rouse et al. 1991). Redclaw tails (green, shell on) comprise approximately
32% of the total body weight, whereas, red swamp tails make up 23% (Rouse et al.
1991). Percentage flesh recovery from redclaw ranges from 15% to 37% o f whole
body weight, depending on the cooking method and molting state (Jones 1990a).

Although the redclaw is a promising aquaculture species, there are constraints
limiting commercial viability in the United States. Redclaw have been grown
successfully as an experimental summer crop, but results have been mixed. Forced
harvests due to cold weather combined with late-spring stockings failed to produce
an entire crop o f "lobster-sized" redclaw as many had envisioned. Respectable yields
have been attained in the U.S. (1,400 kg/ha), but aquaculturists have failed to
produce large animals (75-150 g) and high yields in unison because o f the limited
growing season (Medley 1991; Austin 1992; Medley et al. in press; Pinto 1993).
Because o f temperature constraints, over-wintering redclaw indoors is
necessary (Medley 1991; Medley et al. 1993; Medley and Avault, unpublished data,
1994). Consequently, redclaw juveniles must be produced in temperature-controlled
hatcheries for spring stocking, or other markets such as the aquarium trade.
There are several commercial redclaw hatcheries in the U.S., but most have
fallen short o f expected production for the following reasons: (1) cannibalism among
juveniles and broodstock, (2) egg loss from handling, (3) lack o f available skilled
labor to deal with the requirements o f redclaw, (4) disease (molt-death syndrome,
bacterial infections, and some parasitism), and (5) lack o f adequate facilities to
provide redclaw with optimum growth conditions.
This study was designed to determine production capabilities, and identify
specific biological factors affecting production o f hatchery raised, juvenile redclaw
crayfish. A series o f experiments were designed to assess spawning potential and
factors influencing spawning, such as stocking density, male/female size, diet,

mortality, and cannibalism. In addition, experiments were conducted to determine egg
development time, hatching success, and juvenile growth and survival.

MATERIALS AND METHODS
Six experiments were conducted as follows: (1) effect o f stocking density on
spawning success and mortality (cannibalism and death), (2) effect o f male and
female size on spawning success and mortality, (3) effect o f diet on fecundity,
spawning success, mortality, cannibalism, and growth, (4) egg incubation period, (5)
hatching success, and (6) juvenile growth and survival. Afterwards, data from the
above studies were pooled to determine production efficiency. Miscellaneous
biological and behavioral observations relating to aggression, lunar phase, disease,
and water quality were also made throughout the course o f these studies.
Experiments were conducted in a hatchery equipped with temperature and
photoperiod control. Temperature was maintained at 28°C±1°C, and photoperiod was
maintained at 14:10 light.dark hours using an Omron (model H5L-A) time switch.

STOCKING DENSITY
Four treatments (11, 18, 25 and 32 crayfish/m2) were used in two separate
recirculating systems, each containing six, circular (91-cm diameter x 33-cm deep)
mating tanks. Brood crayfish were stocked at a female:male ratio o f 2.0 to 2.5:1.
Jones (1990a) found no difference in spawning success with females and males
stocked at ratios o f 1:1 to 3:1. Redclaw crayfish from 6 months to 2 years in age,

and in robust condition, were selected as broodstock. Redclaw spawn as early as 6
months in age (Sammy 1988; Jones 1990a; Semple et al. in press).
Prior to stocking, female crayfish were weighed and tagged with plastic
laminated, numbered, oval (15 mm x 5 mm) tags (Floy Tag, Seattle, WA) attached to
the carapace with cyanoacrylate glue. On the opposite side o f the carapace, females
were numbered with the corresponding tag number using a permanent marker.
Tagged females provided a means by which females could be tested for repeat
spawning. Total average female weight at the beginning o f the experiment was
58.0±13.2 g (mean±SD), and 70.2±19.2 g for males. Minimum and maximum sizes
for females were 30.0 g and 90.8 g, respectively (38.3 g and 105.3 g for males,
respectively).
Jones (1.990a) reported a simple technique for ovary staging females, but it
was not used in this study because broodstock supplies were limited, and crayfish
were used repeatedly throughout the breeding experiments regardless o f ovarian
stage. The repeated use o f brood crayfish in hatcheries simulates actual conditions
faced by U.S. redclaw growers who do not have access to wild populations of
redclaw to replenish hatchery stocks. Jones' method works well with large female
redclaw, but is not practical where females are used continuously.
Crayfish that were cannibalized or died during the experiment were replaced
with similar-sized individuals from a reserve supply o f broodstock. Replacement
broodstock were held in a separate system in the same facility and exposed to
identical temperature and photoperiod conditions as those in the mating tanks (28°C
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and 14:10 light:dark hours). Replacement females were tagged with the same tag and
number as the cannibalized or dead crayfish they replaced.
Two separate systems containing six breeding tanks were used to conduct this
study. Test system I was equipped with an expandable granular media filter
containing 0.09 m3 o f extruded, floating polyethylene beads. System II was equipped
with a submerged, packed column filter containing a clam shell medium (Rcuigia
spp.). Both systems were equipped with a cartridge-type, swimming-pool filter for
mechanical filtration prior to ultraviolet sterilization.
Water was circulated through each mating tank at a rate o f 11.4 liters/minute,
which provided a tank turnover time o f about 35 minutes. Approximately 5% o f the
4,200-liter system volume was replaced bi-weekly with carbon-filtered, heated (28°C),
and aerated municipal water. At this time, biofilters were back-washed, and uneaten
feed and debris were siphoned from each mating tank. Water was continuously
aerated and temperature was maintained at 28°C±1°C.
Total ammonia nitrogen, nitrite, and pH were checked daily using a HACH
water test kit. Total alkalinity and total hardness as mg/1 C aC 0 3 were checked
weekly. Temperature was monitored daily with maximum/minimum thermometers
placed in each sump tank. Dissolved oxygen was checked daily with a YSI model
SOB dissolved oxygen meter.
PVC shelters (5-cm diameter x 15-cm length) were placed in each mating
tank (1/crayfish). A plastic, plant pot (25-cm diameter x 25-cm high) was also placed
in each mating tank as a molting/spawning sanctuary. The plant pot was lined on the
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inside and outside with plastic mesh, and the bottom was filled with clam shell for
weight. The mesh material allowed the crayfish to enter and exit the bucket freely.
Redclaw were fed three times daily with a 40% protein commercial "shrimpgrower diet" (Ziegler #34-4000-18-59). Electronic vibratory feeders and timers
delivered feed to each tank at 07:00, 13:00 and 19:00 hours. The total amount fed to
each tank was 1% body weight per day (Malone and Burden 1988; Culley and
Duobinis-Gray 1990; R.F. Malone and D.D. Culley, personal communication, 1993).
The experiment ran for 1 month following a 1 week broodstock acclimation
period. At harvest, gravid females were counted, and the egg stage o f their spawn
was noted (see incubation). Spawning percentage, mortality and cannibalism were
determined. An unbalanced, completely randomized block design was used to control
experimental error. Each system contained at least one replicate o f all four
treatments. Remaining replicates were divided randomly between the two systems
(blocks). Comparisons among treatment means were made with orthogonal
polynomial contrasts to test for linear trends (Steel and Torrie 1980), i.e., if
increasing stocking density had an effect on the percentage o f females spawning,
mortality, cannibalism, or total mortality (cannibalism and death, combined). Once
linear trends were detected, a regression analysis was run. Statistical analysis was
conducted with Statistical Analysis System software (version 6.04) using the general
linear models procedure (PROC GLM)(SAS Institute, Inc., Cary, NC). Treatment
differences were deemed significant at a<0.05. From these results, and the behavioral
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observations, an appropriate stocking density was determined to maximize spawning
and minimize broodstock mortality.
Before this experiment, a similar study was conducted in December and
January 1992/93. This experiment was conducted under identical conditions as
described above, except for the molting/spawning sanctuary, female tagging, and
broodstock replacement. Spawning during the first experiment was low, and appeared
to be hampered by the need for an acclimation period when broodstock are
introduced to a new system. Because o f the reduced spawning and differences in
experimental design, data from this experiment was eliminated from data analysis,
but was included in the combined production totals described below.

MALE/FEMALE WEIGHT
Four male weight classes were chosen as treatments: (small 40-65 g; medium
70-95 g; large 100-125 g; mixed 40-125 g). Within treatment average weights
(mean±SD) for the small, medium, large, and mixed males were 54.4±6.6 g, 83.9±6.9
g, 110±7.7 g, and 77.0±26.3 g, respectively. The mixed male weight class was used
to see if a hierarchy or pecking order existed. Females were introduced randomly into
each tank irrespective o f size. Total average female weight was 61.8±12.0 g
(m eaniSD ), and 81.5±24.7 g for males. Minimum and maximum weights for
females were 31.5 g and 100.6 g, respectively, and 40.0 g and 124.6 g for males,
respectively. Females, and males in the mixed weight class were tagged so they
could be replaced if one died.
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Experimental design was similar to the stocking density experiment and was
conducted in the same systems. The duration o f the study was 60 days. Gravid
females were removed at 30-day intervals to prevent juvenile release in the breeding
tanks. Based on the results o f the stocking density study, it was decided an
intermediate density would be appropriate. Consequently, crayfish were stocked into
each breeding tank at a density o f 21.5 crayfish/m2, and female.male ratio o f 1.8 to 1.
Following the experiment, spawning percentages, mortality and cannibalism
data were analyzed to determine if there was a size effect. Orthogonal contrasts were
used to determine treatment effects. The general linear models procedure (PROC
GLM) o f Statistical Analysis System software (version 6.04) was used for data
analysis (SAS Institute, Inc. Cary, NC). A two-sample analysis (t-test) using version
6.0 o f Statgraphics Plus software (Manugistics, Inc., Rockville, MD) was conducted
to determine if there was a difference between the weight of females that did or did
not spawn. Treatment differences were deemed significant at a<0.05.

DIET
The purpose o f this study was to determine if diet influenced the number of
eggs layed per gram o f body weight, spawning percentage, molt frequency, mortality,
or cannibalism. Experimental design was similar to the two previous studies. The
study was run for 60 days, and gravid females were removed at 30-day intervals to
prevent juvenile release in the breeding tanks. Crayfish stocking density was 21.5
crayfish/m2 and a 1.8:1 femalermale ratio was used. Beginning average weight

14
(mean±SD) for female and male crayfish was 60.2±13.4 g and 81.5±24.0 g,
respectively.
Diets and supplements were chosen that would be affordable and readily
accessible to redclaw producers. Four diets served as treatments: (1) 30% protein
commercial crustacean diet, (2) 30% protein diet with whole soybean supplements,
(3) 30% protein diet with beef liver supplements, (4) 45% protein commercial
crustacean diet. Two weeks prior to the 60-day study, female crayfish were held
separately from males and fed with their respective diets. Crayfish were fed a total of
1% body weight per day divided into 3 feedings (07:00, 13:00 and 19:00 hours).
Prior to the experiment, full-fat soybeans were oven-roasted (Thermolyne
series 9000) at 204°C for 12 minutes to denature the globulin protein that inactivates
intestinal trypsin (Lovell 1989). Beef liver was frozen and cut into pre-weighed (10
g) pieces, and stored in a freezer inside a plastic container. The first two daily
feedings were made by the automatic feeders adjusted to deliver approximately 3.2 g
of pelleted (2.4 mm) feed. The third feeding was either the assigned diet (30% or
45% protein) or the supplement (soybeans or liver). At the third feeding, the
appropriate feed/supplement was hand-weighed and fed. The 10-g beef liver chunks
were grated evenly among the three liver treatments using a hand-held, rotary cheese
grater. Nutritional information for each diet and supplement are presented in Table 1.
Data collected during the experiment included: egg number per gram of
female, spawning percentages, mortality, cannibalism, and molting frequency as an
indicator o f growth. To determine the number o f eggs from each female, eggs were
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stripped into a bucket, using a gentle spray o f water from an ordinary garden sprayer.
Orthogonal contrasts were used to determine diet treatment effects. The general linear
models procedure (PROC GLM) o f Statistical Analysis System software (version
6.04) was used for data analysis (SAS Institute, Inc. Cary, NC).

Table 1. Nutritional information for two commercial, crustacean diets, raw beef
liver and soybeans dry-roasted at 204°C for 12 minutes.
(%)
Protein

Fat

Fiber

Ash

Moisture

E:P
Ratiot

30% Diet

34.0

8.2

3.6

10.0

33.7

10.1

45% Diet

47.5

9.4

3.0

9.0

20.6

7.5

B eef Liver*

20.0

3.9

0.0

1.3

5.8

7.2

Soybeans**

42.2

20.0

5.6

5.1

17.1

9.9

Diet or
Supplement

Proxim ate analyses for the crustacean diets w ere provided by Rangen, Inc., Buhl, Idaho.
E n erg y estim ates (kcal/g feedstuff) for crustacean diets and soybeans are based on physiological
energy values for lipids, proteins, and carbohydrates (NRC, W ashington, DC 1983).
♦Values for b eef liver were derived from A nderson and Hoke (1990).
♦♦Values for dry-roasted soybeans were derived from Lovell (1989).

Egg stages were also examined to determine if differences existed among the
advancing egg stages (see incubation). The null hypothesis was that the age o f the
egg mass did not affect enumeration (eggs/g). To analyze this, females were divided
according to egg stage, and a one-way analysis o f variance (ANOVA) was run on the
number o f eggs per gram o f female for egg stages 1 (khaki/olive color) through 4
(eyed), using version 6.0 o f Statgraphics Plus software (Manugistics, Inc., Rockville,
MD). Cochran's C-test was used to test for homogeneous variance. Fisher's protected
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LSD test for planned mean comparisons was used to detect differences among
category means. All differences were deemed significant at a<0.05.

EGG INCUBATION AND HATCHING
At sampling, and termination o f stocking density and male size experiments,
73 gravid females (58.7±12.8 g mean weight) were removed and introduced
separately into circular (38-cm diameter x 33-cm deep) "hatching" tanks. The
biofiltration system consisted o f a submerged, packed column filter, containing a
clam shell medium (Rangia spp.). Water was circulated through each tank at a rate of
approximately 3 liters per minute. This provided a turnover time o f about 9.5 minutes
per tank. Water quality analysis was conducted similar to the breeding experiments.
Water was continuously aerated. Temperature was maintained at 28°C.
Prior to stocking, each female was examined for egg stage and general
condition o f the egg mass. To minimize disturbance and egg loss, females were
examined at bi-weekly intervals to determine the advancement o f the egg clutch from
its initial stage. Eggs were grouped into one of six categories based on the color or
appearance. The six categories are: (1) olive or khaki color -» (2) reddish/brown or
orange —> (3) abdomen forms and separates from the cephalothoracic region —> (4)
eggs become eyed -» (5) eggs hatch and have yolk remaining —> (6) juveniles are fully
formed and released from the female.
Gravid females were fed twice daily ad libitum with Ziegler 40% protein
shrimp-grower diet. At feeding time, each tank was observed for the presence o f free-
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living juveniles. Once free-living juveniles were noticed, the female was removed,
the remaining juveniles were counted, and the release date recorded.
Based on the number o f juveniles at time o f release, females were grouped
into five "quality" categories: (1) abort (0 juveniles), (2) poor (1-50 juveniles), (3)
fair (51-125 juveniles), (4) good (126-225 juveniles), and (5) excellent (2264juveniles). Each category was quantified in terms o f the number o f juveniles per
gram o f female at the time o f juvenile release.
In addition to incubation time and hatching success, information was gathered
on problems experienced during the incubation process which prevented the females
from carrying their eggs to term or reduced the size o f the egg clutch. Handling
stress was also evaluated in terms o f the number o f eggs lost during handling.

JUVENILE GROWTH AND SURVIVAL
To complete the hatchery cycle, juveniles were grown from hatchlings to what
is considered to be a hardy size (0.5 g). Fully formed juveniles below 0.5 g are
delicate and difficult to handle without mortality. This is partly due to increased
frequency o f molting at small sizes, which increases the chances o f encountering
soft-shelled individuals during handling.
This study was conducted in two, 1,900-liter circular (1.6-m diameter x 0.9-m
high), fiberglass tanks. On the bottom of each tank was a square grid (107 cm x 107
cm) made o f 2.5-cm diameter PVC pipe. A rectangular, plastic mesh strip (87.6 cm x
27.9 cm) was sewn to each section o f pipe. A total o f 80 strips provided a surface
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area o f 19.6 m2. The strips floated to create an artificial, weed-like habitat, thus
giving the juveniles refuge during molting.
Each tank was equipped with a filter system consisting o f a swimming-pooltype, downflow, sand filter (Hayward SP-712; Truflo TM-40), and a diatomaceous
earth filter (Hayward DE-3600) connected in series. The water was then circulated
through a double-bulb ultraviolet sterilizer at a rate o f 57 liters per minute. This
provided a total tank turnover time of 33 minutes. Water was continuously aerated
and temperature was maintained at 28°C. Water quality was monitored similar to the
experiments described above.
Earlier, a preliminary study was conducted to determine holding capacity o f
the rearing tanks. Six hundred, 0.5 g juveniles was a comfortable maximum for each
system. Consequently, two gravid females, which were considered to have "excellent"
spawns, were removed from incubation tanks just prior to juvenile release, and
placed in the juvenile-rearing tanks (2¥/tank). After releasing their young, they were
removed from the rearing tanks. This same process was repeated four times, twice in
each o f the two rearing tanks. The total average weight (mean±SD) for the females
used in this study was 59.8±13.4 g.
Juvenile redclaw were fed twice daily ad libitum with a commercial (50%
protein) fry diet (Purina Trout Starter #2) from the time o f release to harvest.
Redclaw were reared for 38 days and at harvest they were weighed and counted. To
standardize production data and compare it to the number o f juveniles per gram of
female at the time o f release, the total number o f surviving juveniles was divided by
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the total female weight within each tank. This provided a number for juveniles per
gram o f female grown to 0.5 g. To estimate survival, the number o f juveniles per
gram o f female grown to 0.5 g was compared to the average number o f juveniles/g at
the time o f release for the "excellent" female quality category described previously.

TOTAL PRODUCTION
The results from the 200 days o f breeding experiments, 130+ days of
incubation and 150+ days o f rearing experiments, were combined to provide an
estimate o f total production in terms o f spawning, incubation, hatching success,
juvenile growth and survival, and total mortality (cannibalism and death). These data
were then extrapolated to provide information on the expected production in a scaleup operation. Problems encountered during these experiments were also outlined as
well as their potential impact on commercial producers.

LUNAR INFLUENCE
Molting data from 168 brood crayfish were collected over a 4-month period
(June, July, August, and December, 1993). During experimentation, red claw did not
receive visual stimuli from stellar events such as lunar phase. However, molting
frequency appeared to correspond with lunar phase, being highest during the full
moon. Consequently, molt frequency data were tabulated for each peak lunar phase
and for 3 days on either side o f peak phase during the 4-month period. This resulted
in a total o f 28 days o f molting data for each lunar phase. Data were analyzed using
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Cochran's C-test for homogeneous variance, followed by a one-way analysis of
variance (ANOVA) for the F-test. Afterwards, Fisher's protected LSD test for planned
mean comparisons was used to detect differences among treatment means
(Statgraphics Plus v. 6.0, Manugistics, Inc., Rockville, MD).

RESULTS AND DISCUSSION
STOCKING DENSITY
No water quality problems were experienced in this study. Temperature
(28°C) and pH (8) remained stable throughout the experiment. Toxic, un-ionized
ammonia (NH3) and nitrite (N 0 2 ) concentrations never exceeded 0.03mg/l. Dissolved
oxygen levels remained at or near saturation. Total hardness averaged 42 mg/1, and
total alkalinity averaged 132 mg/1 (as C aC 03).
Based on orthogonal polynomial contrasts there was no difference (P=0.59) in
percent spawning among the four stocking densities (11, 18, 25, and 32 crayfish/m2)
(Figure 1). Similar results were also obtained when spawning data were transformed
using tT(y+'/i) (Steel and Torrie 1980). Total average percent spawning for the 38-day
period was 17.5±13.5% (mean±SD).
Mortality (disease related death) was not different among treatments (P=0.35),
and averaged 9.4±7.3% (mean±SD) for the 38-day period. Cannibalism averaged
6.9±8.7% (mean±SD) and increased linearly with increasing stocking density
(P<0.05; r=0,66). Total broodstock mortality (cannibalism and death, combined)
averaged 16.3±11.9%, and also increased linearly (P<0.05) with increasing stocking
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density (Figure 2). Regression analysis using transformed V"(y+'A) data slightly
increased the correlation coefficient (r) from 0.67 to 0.68.
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Figure 1. Mean and standard error o f percent female spawning at four stocking
densities (11, 18, 25 and 32 crayfish/m2).

Based on the above data, redclaw can be stocked at higher densities up to 32
crayfish/m2 without loss o f spawning potential. Although spawning variability among
treatments confounded statistical results, spawning did not decrease with increasing
density. Yeh and Rouse (1994) also found no difference in percent spawning when
adult crayfish were stocked at 10, 15 and 20 crayfish/m2 at 28°C, and sex ratios from
1:1 to 1:5 M:F.
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Figure 2. Mean and standard error o f percent total broodstock mortality at four
stocking densities with super-imposed regression line described by the equation
y = -0.05 + O.Olx.

During this study, aggression occurred among broodstock that may limit
stocking density. Aggressive behavior increased linearly with stocking density, and is
illustrated by the increase in cannibalism with increasing density. This phenomenon
has also been reported for red swamp crayfish up to a density o f 40 crayfish/m2
(Goyert and Avault 1978).
In the two highest stocking densities (25 and 32 crayfish/m2) several acts of
aggression were observed. For example, in one 25/m2 tank, a 37-g female was
dismembered and eaten alive not long after she layed eggs. This female was found
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alive with a fresh spermatophore attached to her underbelly and ten, olive-colored
eggs attached to her pleopods. Before the attack, she was healthy, as indicated by her
ability to breed and ovulate successfully. In one 32/m2 tank, a 36-g female had eggs
9 days after the initiation o f the experiment. After laying eggs, this female remained
in a vertical position, clinging to the outside o f the molting/spawning sanctuary.
When she left the sanctuary to feed, she was repeatedly "hassled" from other
broodstock. Gradually, over a period o f 18 days, the size o f the egg clutch dwindled
until she finally lost all eggs.
Although density had no effect on percent spawning, it did have an effect on
total mortality. Consequently, an intermediate density o f 21.5 crayfish/m2 was chosen
for the remainder o f breeding studies.

MALE/FEMALE WEIGHT
Water quality in this study was similar to the previous study, although a short
term (± 5 h) ammonia and nitrite spike was experienced. In system I, toxic, un
ionized ammonia and nitrite concentrations never rose above 0.03mg/l. The same was
true for system II except during a pump failure when un-ionized ammonia was 0.05
mg/1 and nitrite was 0.3 mg/1. The brief peak in ammonia and nitrite had no effect on
the crayfish. Total hardness averaged 49 mg/1 and total alkalinity averaged 146 mg/1.
Male weight did not affect spawning success during the 60-day period, as
long as males were within 25 g o f each other (P=0.39). However, when males were
arranged in a hierarchy (40-125 g), spawning o f females was reduced (P<0.05) by
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49% (Figure 3). Total average percent spawning (mean±SE) for combined categories
(small, medium and large) was 58.0±4.0%, and 29.6±7.4% for the mixed category.

% Spawning 40

40-65

70-95

100-125

Mix

Male Weight (g)

Figure 3. Mean (standard error) o f percent spawning o f four male weight categories,
small (40-65 g), medium (70-95 g), large (100-125 g), and mixed (40-125 g).

Because o f the limited number and size variability o f females, specific
treatments for grouped sizes o f females were not used. A two-sample analysis was
conducted on weight o f females that did and did not spawn during the 60-day period.
Female weight did not affect spawning activity (P=0.57). Females that did and did
not spawn were 61.5±1.6 g and 62.7±1.5 g, respectively.
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Total broodstock mortality (cannibalism and mortality, combined) was 80%
lower (P<0.05) in the treatment containing 40-65-g males (Figure 4). No difference
was found among the four treatments regarding percent cannibalism (P=0.18) or
percent mortality (P=0.052). The average (mean±SD) percent cannibalism for the 60day period was 10.7±8.3%, and the average for percent mortality was 12.5±10.2%.
Statistical analysis using transformed data / (y+'/i) also provided non-significant
results for both cannibalism and mortality, separately (P>0.05).
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Figure 4. Mean and standard error o f percent total mortality o f four male weight
categories, sm. (40-65 g), med. (70-95 g), lg. (100-125 g), and mixed (40-125 g).
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Although a pecking order has been suggested among redclaw attempting to
dominate available shelters in hatcheries (Jones 1990b), no formal studies have
shown this. Redclaw are considered non-aggressive (Jones 1990a,b; Milward 1990;
M errick and Lambert 1991). It has also been reasoned that non-aggressive behavior
is, in part, a function o f their natural environment where redclaw become
concentrated as water bodies dry up seasonally (Jones 1990b). Aggressive displays
while redclaw are concentrated could potentially reduce their capacity to propagate.
Based on this study, there is clearly a dominance hierarchy when redclaw are
breeding at high stocking densities. By stocking males o f mixed sizes, dominant
males did not allow competing males to breed. When males were o f similar size,
they were equally capable o f competing for sexually mature females.
Redclaw mating behavior o f paired adults has been described in detail by
Sammy (1988). However, redclaw held communally will often spar for available
females. While the dominant male is sparring or threatening invading males, other
males approach the female and attempt to breed her. When the dominant male is
much larger than other males in the tank, he can successfully fend off invading males
whether or not he intends to breed the female.
Although no difference could be detected among the four treatments for
cannibalism or mortality, total broodstock mortality (cannibalism and mortality,
combined) was lower in tanks containing small (40-65 g) males. This difference is
likely influenced by the age o f the individuals within a particular treatment (smaller
= younger). This is strengthened by the fact that mortality among small males was
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lower than that for larger males (a=0.10 level). The exact longevity o f redclaw is not
known. The exact ages o f each male used in this study were not known. However,
redclaw broodstock used in these studies were handled and batch cultured under
similar conditions, in the same hatchery used to conduct the experiments. Similar
culture batches resulted in similar sized individuals. Although size differences exist
among different wild strains o f redclaw (C.M.Austin, personal communication, 1994),
the redclaw broodstock used in this study were fairly uniform.

DIET
Toxic, un-ionized ammonia and nitrite concentrations remained below 0.04
mg/1. Total hardness averaged 53 mg/1 and total alkalinity averaged 114 mg/1.
No effect was shown on the number o f eggs layed per gram o f female body
weight after being fed the diets for 74 days (14 days o f acclimation) (P=0.84). The
total average (mean±SD) number o f eggs per gram female body weight was 6.3±3.8
for females averaging 59.6±12.9 g (n=35). The mean number of eggs for the 35
females was 369.8±223.5, for eggs in developmental stages 1 through 5 (olive/khaki
color through hatched). There was no difference among the four diet treatments
regarding percent females spawning (P=0.38), mortality (P=0.50), or molting
percentage (P=0.60). Average percent spawning (mean±SD) for the 60-day breeding
period was 32.4±12.0%. Mortality averaged 15.5±13.9%, and molting averaged
40.5±14.5%. Cannibalism averaged 16.1±15.6% and was lower (P<0.05) in the beef

liver treatment (Figure 5). Total mortality (cannibalism and mortality, combined)
averaged 37.5±17.0% and was higher (P<0.05) in the soybean treatment (Figure 6).
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Figure 5. Mean and standard error o f percent cannibalism for redclaw crayfish fed
four diet treatments for 60 days.

Mason (1978), in research with the signal crayfish (Pacifasticus leniusculus),
suggested that nutrition may influence the quality and possibly the quantity o f eggs.
Nutrition is a factor affecting the spawning period and enumeration o f channel catfish
(Ictalurus punctatus) eggs (Lovell 1989; Lee 1991). This was not true with redclaw in
this study. There were, however, influential factors that affected the number o f eggs
present on a female.
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Figure 6. Mean and standard error o f percent total mortality for redclaw crayfish fed
four diet treatments for 60 days.

Although weight (g) and length (mm, post-orbital carapace length) o f a female
is a factor in egg production (Jones 1990a; Masser and Rouse 1993), this was not so
in this study (P=0.53; r2=1.2 for regression ANOVA using Statgraphics Plus v. 6.0,
Manugistics, Inc., Rockville, MD). Potential factors influencing the number of eggs
produced, thus resulting in no treatment differences and no correlation between body
size and egg number are as follows: (1) strain differences among redclaw broodstock
(C.M. Austin, personal communication, 1994), (2) density-induced aggressive
behavior, or repeated "hassling" from other broodstock, (3) gravid females

30
themselves, and/or other broodstock consuming the eggs, (4) age o f the egg mass,
and (5) diseases or parasitism o f the egg mass.
Any one or a combination o f the above factors may be a significant source of
variability in the number o f eggs layed. For example, differences in body size,
coloration, and egg coloration exist among different stains o f redclaw in Australia
(Sammy 1988; Herbert 1987; King 1993; C.M. Austin, personal communication,
1994). The exact locations o f the original broodstock used in this study are not
known, but it is probable that they came from several different locations within their
natural range in Queensland and Northern Territory, Australia. The two most likely
sources are the Mitchell and Norman rivers. I f there are specific differences in egg
coloration and body size among redclaw strains, then it is conceivable that
differences in fecundity could also exist.
Although redclaw are reported as passive, aggressive displays among the
broodstock in all breeding studies were commonplace. One female in the 45% protein
diet treatment was apparently killed via aggressive activity. This 70-g female was
ripped apart by other individuals. Upon inspection, she appeared to have been healthy
prior to the attack. Once, in a soybean treatment, a diseased female was found dying
with a freshly deposited spermatophore on her underbelly. Moreover, females were
observed being repeatedly hassled by males, even after they had spawned. This
repeated hassling could have resulted in substantial egg loss, as it uid with the 36-g
female mentioned in the stocking density study.
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Some evidence exists to suggest that gravid females themselves and/or other
broodstock consumed eggs. Several females in this study had reduced egg numbers in
their clutch and upon inspection, numerous broken eggs and egg fragments were
observed. Furthermore, the 37-g female mentioned in the stocking density experiment
was killed and her eggs were eaten, as was indicated by her missing pleopods and
the few remaining eggs attached to the uneaten pleopods. Females in the incubation
study (described below) also consumed their own eggs. This was evidenced by the
presence o f bright, orange-colored fecal material in the hatching tanks which could
not, and had not previously been influenced by the pelleted feed. The reason why
redclaw would consume their own eggs is unknown. However, given the limited
nutritional information available on redclaw, it could be the result o f a nutritional
deficiency.
Age o f the egg clutch also may have influenced the number o f eggs a female
carried at the time o f sampling. In channel catfish, age o f the egg mass affects egg
enumeration (Walser and Phelps 1993). Gravid females in this study possessed eggs
from the first developmental egg stage to hatching.
There was no difference in the number o f eggs per gram o f female carrying
eggs in stage 1 (khaki/olive) or 2 (orange/reddish brown), or between females
carrying eggs in stages 3 (tail formation) or 4 (eyed) (P>0.05). However, there was a
difference between stages 2 and 3 (P<0.01). The mean and standard error for the
number o f eggs per gram o f female for egg stages 1, 2, 3 and 4 were 8.9±1.1,
8.4±0.9, 4.6±1.0 and 3.0±1.2 eggs/g female, respectively. Only one female was
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sampled in egg stage 5 (hatching). Although samples were small (n=35), Cochran's
C-test indicated homogeneous variance (P>0.05).
Disease and parasitism also affect egg enumeration. Several females during
this study and the previous studies had Saprolegnia-type fungal infections within the
egg mass. Often, these females lost eggs, and would occasionally abort the entire egg
mass. Once a fungal outbreak occurred, it quickly spread to the rest o f the egg mass,
unless the infected region was removed by the grooming o f the female. Frequent
infestations o f temnocephalid flatworms (Diceratocephala boschmai) seemed to
coincide with high egg loss, especially during incubation. Often, the worms around
the egg mass possessed a gut coloration similar to the color o f the eggs themselves.
Total mortality and cannibalism were influenced by diets fed during this
study. The highest total mortality occurred in the soybean treatment. No cannibalism
occurred in the beef liver treatment during the 60-day breeding period. The high total
mortality in the soybean treatment was a combination o f high death rate
(21.4±10.9%) and high cannibalism (26.2±11.9%). These factors could have been
attributable to the soybeans themselves. Although heat treatment at 204°C for 12
minutes eliminates trypsin inhibiting proteins, there are other antigenic factors
(saponin and isoflavone) that may have influenced the death rate. Lack of
cannibalism in the liver treatment indicates that this meat satisfied some need o f the
brood crayfish. Other researchers feeding beef liver to crustaceans noted similar
results. Heinen and Mensi (1991), reported higher final weight and yield in hatcheryreared, post-larval prawns (Macmbrachium msenbergii) when fed Purina Trout Chow
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No. 2 supplemented with frozen, beef liver. Mean survival also was higher than when
prawns were fed egg and fish supplements.

EGG INCUBATION AND HATCHING
A total o f 73 females were used to determine incubation time and hatching
success. The egg category groupings for initial and advanced stages were: (1) olive
or khaki color —» (2) reddish/brown or orange —» (3) abdomen formed and separated
from the cephalothoracic region —» (4) eggs became eyed —» (5) eggs hatched and had
yolk remaining -» (6) juveniles were fully formed and released from the female.
These exact categories in the order above have not been described. Other sequences
describing various color progressions and developmental characteristics have been
used (Sammy 1988; Herbert 1987; Jones 1990a; King 1993; Masser and Rouse
1993). Sammy (1988) described redclaw from the Finnis River (Northern Territory)
as releasing khaki-colored eggs, while Herbert (1987) described egg color
progressions o f redclaw from the Mitchell River (Queensland) as being (orange or
mustard) -» (burgundy), or remaining orange throughout development. Herbert also
described Jardine River (Queensland) redclaw as bearing olive colored (almost black)
eggs which remain so throughout development. Jones (1990a) used the following
color sequence for redclaw from the Mitchell River: (olive green) —> (dark brown) —>
(yellow/orange) —» (red). Masser and Rouse (1993) used: (light cream) —> (dark brown)
—> (orange/red). King (1993) found that the eggs used in his incubation study
remained orange throughout development.
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Egg stage 1 in this study was given a description o f khaki or olive color.
They are the same egg stage, because both colors were found on females with freshly
deposited spermatophores. The presence o f the spermatophore indicates that either
color is probably no more than 48 hours old. Moreover, a student's t-test conducted
on the incubation times indicated no difference between the two egg colors at 28°C
(P=0.89).
All olive-colored eggs progressed to reddish-brown, whereas all khaki-colored
eggs progressed to orange. Although the sample size was small for stage 2 (n=7),
results from the student's t-test for reddish/brown and orange-colored eggs indicated
no difference in incubation times (P=0.33). Because o f color variations among
different spawns, egg stage 3 was based on other physical development attributes.
Regardless o f color, as redclaw eggs develop, the abdomen region forms, and is
clearly distinguished from the cephalothoracic region. This period, where the
abdomen region is visible, was deemed egg stage 3. Egg stage 4 was reached once
eyespots became visible. Afterwards, the eggs hatched (stage 5) and yolk remained
until the juveniles were fully formed (stage 6) and began to leave the parent. Average
incubation times for each egg stage are presented in Figure 7. Females with less than
10 juveniles at the time o f release were omitted from incubation time estimates, as
the reduced clutch density appeared to alter normal incubation periods.
In addition to incubation times, hatching success was considered a critical
factor for assessing total hatchery production. To accomplish this, females were
grouped into "quality" categories at the time o f juvenile release, based on the number
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o f juveniles present. The five quality groups were: (1) abort (0 juveniles), (2) poor
(1-50 juveniles), (3) fair (51-125 juveniles), (4) good (126-225 juveniles), and (5)
excellent (226+ juveniles). The percentage o f females falling into each quality
category was: (1) abort (16.4%), (2) poor (27.4%), (3) fair (13.7%), (4) good
(17.8%), and (5) excellent (24.7%).
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Figure 7. Mean (SE) days to juvenile release from egg stages 1 to 6 at 28°C.

Each quality category was quantified in terms o f the number o f juveniles
released per gram o f female. The mean number o f juveniles within each category is
presented in Figure 8. The total average (mean±SD) for the categories that possessed
juveniles was 2.5+2.2 juveniles per gram of female.
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Figure 8. Mean and standard error for the number o f juveniles per gram o f female at
the time o f release (grouped by quality category).

Egg loss during sampling and incubation was estimated at 61%. This was
partly due to the high egg losses experienced during handling. Water quality was
apparently not a factor since all parameters were maintained at acceptable levels.
Fungal infections and flatworms impacted egg survival the most.
When removed from breeding tanks, females were susceptible to handling
stress. Even gently handled females sometimes flicked their tails causing eggs to
spray. Egg loss from handling was estimated from 33 randomly selected females by
making egg counts from the number o f eggs lost in the net during handling. The
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average number of eggs lost/handling (mean±SD) was 30.9±65.5. On occasion
females were moved without egg loss. Egg losses were as high as 316 eggs.

JUVENILE GROWTH AND SURVIVAL
Growth and survival o f juveniles in the 1,900-liter rearing tanks was
satisfactory. The numbers o f juveniles generated from each trial were consistent
throughout. Juveniles appeared to grow well on the Purina diet and they consumed it
voraciously. No water quality problems were encountered in any o f the trials. The pH
remained constant between 8 and 8.5, while TAN never exceeded 0.5 mg/1. Nitrites
were never encountered above 0.05 mg/1. Total alkalinity averaged 120 mg/1, and
hardness fluctuated between 45 and 70 mg/1.
The exact number o f juveniles placed into each tank along with the parent
female was not known. However, survival was estimated using the average number
o f juveniles for the "excellent" females described above. All females having excellent
spawns had the distinguishing feature o f pleopods completely full o f juveniles. These
females had difficulty closing their tails around all o f the hatchlings. On average,
these females had 5.1 juveniles per gram o f female at the time o f release. After 38
days, juveniles averaged 0.53 g. The average number o f juveniles per gram o f female
was 3.86, a 24% decrease. Survival from release to stocking size for ponds is
approximately 76%. The results o f the four rearing trials are presented in Table 2.
Previously, little information was available on growth and survival of
juvenile redclaw. Culture systems and techniques vary widely among producers who

are sometimes reluctant to share information. In one study, 28-day-old redclaw were
grown for 5 months with a variety o f diets; survival was estimated at 75% (King
1992). Webster et al. (1994) reported survivals o f hatchling redclaw (0.022 g)
stocked at a rate o f 400/m3 as high as 71% and as low as 58% when using 52% and
23% protein diets, respectively.

Table 2. Juvenile production statistics for four rearing trials.
Trial No.

Rearing
Days

Est. No.
Stocked

Number
Harvested

Average
Weight g

Juveniles
Per Gram

Juveniles
Per m3

1

38

536

420

0.55

3.99

222

2

39

625

499

0.57

4.07

264

3

38

673

349

0.63

2.65

185

4

38

605

560

0.37

4.72

296

38.3

610

457

0.53

3.86

242

57

92

0.11

0.87
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Mean
SD

TOTAL PRODUCTION
An estimate o f total hatchery production was determined from combined data
for the 300+ days o f experiments. During this time, spawning averaged 4.8±2.3%
(mean±SD) per week. Although broodstock were shielded from the influence o f
stellar events, spawning activity appears to be partly influenced by parameters other
than those controlled in the hatchery. For example, total spawning percentages were
36.4% lower for November and December than for May and June. Moreover, the
second stocking density study conducted in August/September had 61.4% greater
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spawning than a similar experiment conducted in December/January, although
temperature and photoperiod were precisely controlled. Yeh and Rouse (1994)
reported a cyclic activity in spawning and suggested that peak spawning cannot be
maintained for more than a 3-month period. In addition, there must be at least a 1 to
2-week acclimation period before redclaw spawn freely in unfamiliar culture systems.
During May to December, 1993 only 10 females, o f all the females used, spawned
repeatedly. Nine females spawned twice within an 8-month period whereas only one
65-g female was able to spawn three times. The low number o f repeat spawners is
due to the consistent broodstock mortality experienced throughout these studies.
Total broodstock mortality (cannibalism and mortality, combined) averaged
2.8±1.2% per week. The mortality can be attributed to a number o f factors, most of
which were identifiable. Because o f relatively high stocking densities, stress levels
among the broodstock were likely elevated. Although no major disease outbreaks
occurred in any o f the experiments, there were mild outbreaks o f opportunistic
pathogens which, given the crowded tank conditions, were easily transmitted among
broodstock. On most occasions when a death occurred, surviving crayfish consumed
the moribund crayfish. The parts most often consumed were the abdomen and
pleopods, uropod and telson, the eyes, and the walking legs. Because o f this activity,
it is possible that the moribund crayfish served as vectors for the pathogen(s) that
infected them. Two o f the most common bacteria isolated from broodstock
hemolymph were Aeromonas hydrophila and Pseudomonas aeruginosa. Other bacteria
isolated from the hemolymph included Vibrio cholerae, Alkaligenes spp., and
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Flavobacterium spp. In addition, unidentified filamentous bacteria were isolated from
the gills. Fungus (Fusarium spp.) was isolated from damaged areas o f the carapace.
Other unidentifiable fungi were observed, but did not have the characteristic hyphae
o f Aphanom yces astaci. These fungi were often found on individuals that had very
small, "pepper-like", melanizations on the tail and pleopods. These melanizations
often occurred immediately after a molt. Curiously, crayfish that had these
melanizations after molting did not harden sufficiently and eventually (1-6 weeks)
died. Other fungi (Saprolegnia spp.) were found on egg masses.
Egg incubation was a particularly stressful period resulting in high egg losses.
Although optimal water quality conditions were maintained, a total o f 16.4% o f the
females used in the incubation study aborted their eggs before juveniles were
released. Jones (1990a) reported similar results in Australia. Out o f 166 gravid
females examined, 26 (15.6%) aborted eggs before incubation was completed. No
reason for the abortions was given.
Much o f the egg loss in this study can be attributed to handling stress, but
several other factors were involved. Approximately 33% o f gravid females that
aborted eggs were associated with fungi (Saprolegnia spp.). Once fungi became
established, the rest o f the egg mass was soon infected. Significant fungal infections
usually resulted in poor clutches or total egg loss. Prophylactic treatments using mild
solutions o f malachite green, methylene blue, and chlorine have been used to treat
eggs from females, but none has proven effective in preventing microbial or fungal
growth (King 1993). Given redclaw's tolerance to potassium permanganate (K M n04),
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formalin, and salt, it is possible females could be dipped to prevent or control fungi
without damaging eggs (Jones 1990a; Medley and Avault, unpublished data, 1993).
Australian temnocephalid flatworms {Diceratocephala boschmai) seemed to
coincide with high egg loss during incubation. A total of 58% o f the females that
aborted eggs had temnocephalids present on their abdomen near the clutch. Often, the
worms were seen around the egg mass, possessing a gut coloration similar to egg
color. This phenomenon occurs in wild populations o f redclaw in the Mitchell River
in north Queensland (Herbert 1987). In Herbert's observations, Diceratocephala
possibly fed on eggs o f berried females. The gut content coloration o f the worms,
and egg coloration o f the redclaw female were similar. The consumption o f redclaw
eggs by D. boschmai has recently been confirmed (Jones and Lester 1993). Cannon
(1991) and Jones and Lester (1992) gave detailed descriptions o f the life history and
biology o f D. boschmai occurring on redclaw crayfish. Based on their descriptions of
site specificity and morphology, the identification was made on the worms occurring
on redclaw used in this study.
In the first stocking density study, a moderate outbreak o f temnocephalids
occurred in system I o f the breeding tanks. Afterwards, all broodstock were dipped in
a NaCl solution (2%) for 30 minutes. This was effective in removing adult worms,
but was ineffective in removing eggs which would re-hatch if not re-treated with the
salt bath. Potassium permanganate baths (8 mg/1 for 30 min.) were ineffective in
controlling worms, but Pearce (1990) reported that 0.5% formalin baths for 15
minutes kills the adults.
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Juvenile production in the four rearing trials was consistent. The juveniles did
well on the diet provided. Production values closely approximated one another in the
test systems used. The habitat (plastic-mesh, weed-like material) was beneficial for
redclaw growth and survival. At harvest, the juveniles were evenly sized. Harvesting
in these systems was easy because the grid that held the plastic mesh could be
removed, while allowing the juveniles to drop to the bottom o f the tank. Given the
results in this study and others, redclaw juveniles can be raised to a uniform size (0.5
g) in 4 to 5 weeks with survivals o f 76% from release to harvest.
To summarize total production, a hypothetical scenario was assembled. The
scenario is based on a spawning rate o f 4.8 % per week, 2.5 juveniles/g o f female at
hatching, and a 76% survival o f juveniles from release to 0.5 g. It is assumed that
moribund and cannibalized broodstock are replaced from a reserve supply such as
ponds or holding tanks.
Accordingly, in an established hatchery with 1,000 female broodstock, 48
females (60 g mean wt) will spawn per week. However, 16% will abort all eggs
before juveniles are released. Therefore, 40 females will have usable spawns per
week. These 40 females can produce an average o f 2.5 juveniles per gram o f female
and can eventually provide 4,542 juveniles (0.5 g). The time frame involved to
produce 4,542 juveniles will take from 2.5 to 3 months to complete (spawning: 7
days; incubation: 30-40 days; rearing: 38 days).

LUNAR INFLUENCE
According to Cochran's C-test, no difference could be detected in the molt
variances among the lunar phases (P=0.21). The analysis o f variance F-test indicated
no difference in molting frequency among the lunar phases at a=0.05 (P= 0.057).
However, differences in molt frequency did exist for different lunar phases when the
test was conducted at the a=0.10 level. At this a-level, mean molt frequency was
higher during the full moon phase (Figure 9). Molt frequency among the 168 brood
crayfish was different only between the first quarter and full moon phases, and the
first quarter and new moon phases (P<0.10)(Fisher's protected LSD). There was no
difference among the first and last quarters, the last and new, or the new and full
(P>0.10).

Although not conclusive, there seems to be a trend towards increased molt
frequency during the full moon phase and new moon phases. This has also been
alluded to by researchers and commercial soft-shell producers, but no formal studies
have been conducted (D.D. Culley, personal communication, 1994). Because this
experiment was not specifically designed to test for molt frequency during lunar
phase, data were confounded by experimental error, but they show a trend towards
increased molting during full moon and new moon phases. It is possible that these
increased periods o f molting alternate with increased periods o f spawning activity.
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Figure 9. Mean and 90% confidence intervals for molting frequency for 168 adult
crayfish during the first quarter, full, last quarter and new moon phases.

CONCLUSION
It appears unlikely that enough redclaw juveniles can be produced in
hatcheries to stock commercial farms in the United States using the above-described
production system. The time, effort, and expense involved with producing juveniles,
overwintering broodstock, and maintaining crayfish until they can be stocked into
ponds appears to be prohibitive to pond production in the U.S. However, the type o f
production system used in this study is not the only system available that could be
used for redclaw production. By engineering systems better suited to take advantage
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o f redclaw's prolific nature, production could undoubtedly be increased. I f systems
could be developed that would allow juveniles to be released from the females
without handling them, production could be increased substantially.
There may also be some potential for harvesting gravid females from breeding
ponds just prior to the onset o f winter, and overwintering only the juveniles. While
this is an option, egg losses, poor hatching and high broodstock mortality are
problems likely to be faced. Increased experience in handling gravid females at
critical times could improve this possibility. Another option would be to overwinter
broodstock indoors, keep the sexes apart, and stock them in ponds in the spring to
promote pond spawning. The juveniles could then be harvested from spawning ponds
and re-stocked into grow-out ponds. Problems likely to be encountered are
broodstock mortality, lack o f spawning, and shortened growing season.
While this study suggests that large-scale hatchery production for pond
stocking is unlikely, production o f redclaw for the aquarium trade remains a
possibility. Juvenile redclaw that have been reared in hatcheries and fed an artificial
diet turn a light blue color that is appealing to aquarium enthusiasts and tropical fish
dealers. Currently, juvenile redclaw (1-5 g) receive exceptional prices from tropical
fish wholesalers, although the extent o f this market is unknown.
Finally, recent evidence indicates that a cold tolerant redclaw strain could be
developed through selective breeding programs. In preliminary studies conducted at
the Louisiana State University Agricultural Center, redclaw survived outdoors
through the entire winter in Baton Rouge, LA, while water temperatures dropped as
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low as 2°C for brief periods. I f a cold tolerant redclaw strain could be developed,
breeding and grow-out systems could be modified to take advantage o f the extended
period which redclaw can be kept in ponds. Although development o f a cold tolerant
redclaw seems feasible, the fact that it is an exotic species cannot be ignored. By
removing the temperature limitations from redclaw, the possibilities o f it establishing
self-sustaining populations is increased.
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CHAPTER 2: ECONOMICS OF JUVENILE REDCLAW CRAYFISH ICHERAX
QUADRICARINATUS^ PRODUCTION IN AN INTENSIVE,
RECIRCULATING AQUACULTURE SYSTEM

INTRODUCTION
There have been only five published economic studies on small-scale redclaw,
Cherax quadricarinatus, crayfish aquaculture in Australia (Cann 1990; Cann and
Shelly 1990; Hutchings 1990; Hinton 1994a.b). Four studies have covered the
economics o f redclaw aquaculture in the United States (Medley et al. 1991; Rubino
1992; Nelson et al. 1992; Medley et al. in press); none have dealt with the economics
of juvenile production. Rubino (1992) found that redclaw aquaculture in the U.S.
gave a 74% internal rate o f return, but did not fully address juvenile production or
procurement costs. Medley et al. (1991) found buying juveniles from Australia was
virtually cost prohibitive, comprising as much as 88% o f the total variable costs
when crayfish were stocked in ponds at 10/m2. Nelson et al. (1992), and Medley et
al. (in press) found similar results, but determined that a commercial redclaw
enterprise could show a positive net return if lower-cost juveniles ($0.10 each) were
available, and if crayfish were harvested from grow-out at a slightly larger size. The
latter seems feasible by stocking large juveniles early in the growing season.
In the U.S., most juvenile production occurs in hatcheries. Only a few
hatcheries are available to supply juveniles. Most are unwilling to supply juveniles
for pond stocking because they are committed to tropical fish wholesalers. In turn,
pond producers are reluctant to pay the high prices being asked for pond stock.
Currently, 1-3 g redclaw juveniles marketed to the aquarium trade are selling at
51

52
wholesale prices from $1.50 to $3.50 each, depending on the source and number
purchased.* One producer reported that 15-20 g juveniles occasionally receive
wholesale prices o f $20 each. Redclaw have sold in pet stores for as much as $50
each.
Juveniles have been purchased from Australian producers for as low as
$0.16 each, but average prices are around $0.20 per juvenile. W hen shipping and
mortality are included, the price can easily double or triple (Medley et al. in press).
The extent o f the aquarium market is uncertain. At this point, the market in
the U.S. appears to be limited, and with the few producers already involved, the
market may be saturated. Moreover, producers must face high start-up costs to build
adequate facilities. Producing juveniles for the aquarium trade is also labor intensive
and requires skilled labor to perform with efficiency.
Thus far, commercial hatcheries in the U.S. have failed to produce the number
o f juveniles they anticipated. O f the five or six commercial hatcheries, most fall short
o f expected production for the following reasons: (1) cannibalism among juveniles
and broodstock, (2) egg loss from handling, (3) lack o f skilled labor familiar with the
requirements o f redclaw, (4) mortality and disease (molt death syndrome, bacterial
and fungal infections, and some parasitism), (5) lack o f adequate facilities to provide
redclaw with optimum growth conditions, and (6) low fecundity o f redclaw as
compared to other hatchery cultured crustaceans, such as the Malaysian prawn

*Because redclaw are new to aquaculture, there is scant literature available,
particularly on prices and marketing. Consequently, several commercial producers
were consulted when documentation was unavailable.
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(Macrobrachium rosenbergii) and penaeid shrimp (Hu 1990; New 1990; Lee and
Wickens 1992). As a result o f their production shortcomings, some producers have
been supplementing their hatchery raised stocks with imported stocks from Australia
to meet production demands.

MATERIALS AND METHODS
This study was designed to assess the economic feasibility o f producing
juveniles in a hatchery and marketing them to: (1) commercial producers in the
southern United States for pond grow-out, and (2) the ornamental aquarium trade. In
either case, juveniles are grown to 0.5-1 g. This is an acceptable stocking size for
grow-out and for tropical fish wholesalers.
The intent o f this study is not to recommend a business plan, but rather to
highlight some immediate constraints to commercialization and suggest areas for
further research. The figures provided in this study establish a baseline price that
producers can expect in an average year o f juvenile production. This analysis also
assumes the producer knows the biology o f redclaw, broodstock are acclimated, and
all production systems are functioning efficiently. Actual production costs and
efficiency can vary widely.
Production data, cost estimates and prices contained herein have been derived
from research conducted at the Louisiana Agricultural Experiment Station,
Aquaculture Research Facility, Baton Rouge, LA, and from conversations with, and
questionnaires filled out by U.S. redclaw producers. Producer information,

54
particularly regarding prices, was compared among producer responses to validate the
accuracy o f information provided.
System design and performance characteristics have been scaled up from
research systems and modelled after existing, intensive redclaw hatcheries. The
production model for the proposed 930-m2 hatchery is based on actual numbers
generated in hatchery experiments conducted in 1993. Juvenile production values for
the proposed hatchery were estimated at 6,750 (0.5-1 g) juveniles per week.
Production is assumed to be for a full year thus resulting in a total o f 351,000
juveniles. Production estimates were based on a broodstock mortality rate 2.8% per
week, a spawning rate o f 4.8% per week, 2.5 juveniles/g o f female at hatching, and a
76% survival rate when grown to 0.5 g.
Investment costs and associated annual fixed costs were calculated based on a
production system facility design consisting o f a 930-m2 insulated, metal building to
house the recirculating biological filtration and tank systems (Table 3). It was
assumed that no facilities were in place prior to construction. Cost estimates for
construction and major equipment were provided by the following vendors: Pre
fabricated metal building (Quality Building Systems, Inc. Denham Springs, LA);
blown cellulose insulation (A&E Insulation, Inc. Baton Rouge, LA); A/C unit (Air
Control Engineering, Baton Rouge, LA); pond construction costs (Mevel Aquaculture
Consulting Services, Inc. Auburn, AL); water well (Stamm-Scheel, Inc. Rayne, LA);
fiberglass tanks (Rowland Fiberglass, Inc. Ingleside, TX). Minor equipment expenses
were taken from various industry catalogues.

Table 3. Facilities and equipment for a 930-m2, redclaw crayfish hatchery producing 0.5-1 g juveniles.
Item
Hatchery B uilding (930m2)

U nit Price

No. o f Units

Total

Expected Life

Salvage (%)

Depreciation

149,300

1

149,300

20

0

7,465

Land (ha)

3,000

1

3,000

-

100

-

1,000-m2 Broodstock Pond (ea)

1,500

5

7,500

10

0

750

370

5

1,850

3

0

617

50,000

1

50,000

20

0

2,500

0.5 hp Pond A erator (ea)
Deep W ater W ell (ea)
Well Pump, M otor, Controls (ea)
Broodstock (ea)
Galvanized W ater Storage Tank (ea)

5,000

1

5,000

20

10

225

6

1,560

9,360

0.5

0

18,720

1,200

1

1,200

5

0

240

550

45

24,750

10

5

2,351

Fiberglass Rearing Tank (ea)

2,400

60

144,000

10

5

13,680

Fiberglass Sump Tank (ea)

1,800

12

21,600

10

5

2,052

Support Frame (ea)

2,500

3

7,500

5

0

1,500

150

12

1,800

4

0

450

W ater Pump (ea)

500

15

7,500

1

0

7,500

A ir B low er (ea)

700

6

4,200

4

0

1,050

D iesel, Back-up G enerator (ea)

20,000

1

20,000

20

20

800

Pick-up Truck (ea)

12,000

1

12,000

5

20

1,920

2,000

1

2,000

10

0

200

D.O. M eter (ea)

900

2

1,800

5

5

342

Electronic Balance (ea)

500

2

1,000

10

5

95

W ater T est K it (ea)

275

3

825

2

0

413

-

-

5,000

10

0

500

1,500

1

1,500

5

10

270

Fiberglass Breeding Tank (ea)

B iofilter (ea)

M ower (ea)

Pipes & Valves
Tools

Total

$482,685

$63,640
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The proposed juvenile production system consists o f 45 rectangular fiberglass
breeding tanks (2.6m x 0.5m x 1.0m) arranged in a three-row, three-tier design. Each
row o f tanks is supported by a welded, metal frame with treated lumber used for
walkways. The juvenile rearing system consists o f 36 rectangular (3m x 1.5m x lm ),
fiberglass tanks. For every row o f breeding and rearing tanks, there is a single,
fiberglass sump tank. The water from the sump tank is pumped by a submersible
pump through an upflow sand filter for biological filtration and solids removal
(Malone and Burden 1988). This type o f system has been used by several producers
to successfully grow redclaw crayfish. Because redclaw do not consume much food
relative to finfish, solids production is low and can be removed by sand filtration.
In the results section, production costs are organized in two scenarios,
aquarium trade and pond grow-out. Specific details and key parameters are shown at
the top of the cost budget. As mentioned, yields, mortalities, stocking rates, feeding
rates and growth information were derived from actual experiments. Market prices
for juvenile redclaw are derived from information provided by redclaw producers in
the U.S. and from existing market prices from Australian producers. The following
key assumptions were made for the enterprise budgets:
b

Economies o f size in revenues and variable costs were assumed to be

negligible in scaling-up experimental production results. Returns to scale in
management are not yet known, so although we assumed a 930-m2 hatchery
for expedience in estimating fixed costs, optimal hatchery size is not implied
and is not known at this time.
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■ Enterprise budgets reflect costs and returns in an average year o f
production, and results are expressed on the basis o f hatchery production for a
full year.
■ The owner/operator is already familiar with the techniques to grow
redclaw, and the hatchery is fully operational.
■ The owner/operator supplies routine labor and management, but one
additional skilled worker and one unskilled worker are needed to assist in
hatchery operations.
■ There are markets for the crayfish produced, given the prices assumed.
■ Broodstock loss (2.8% per week) is replaced from in-house production, and
five 1,000-m2 broodstock ponds. The initial purchase

o f broodstock is

considered a one-time expense, included in the initial investment requirements
(Table 3).
■ Prices paid for crayfish are f.o.b. at the hatchery.
■ Net returns are before taxes.
■ Production costs for juveniles marketed to grow-out operations do not
include additional holding costs required to accumulate the numbers needed
for spring stockings. Overwintering costs and the resultant loss o f stock
through cannibalism and mortality are not known for juveniles grown beyond
0.5 g average weight.

RESULTS
PRODUCTION COSTS
Table 4 shows the capital and operating expenses required to produce and rear
juveniles to market size. The key parameters shown at the top give details about
production and cost criteria. A description o f the major items follows.

Table 4. Capital and operating expenses for a 930-m2, intensive redclaw crayfish
hatchery facility producing 0.5-1 g juveniles.
Key Parameters
5.55
22
Labor Cost ($/hr)
Stocking Rate (Adults/m2)
9.40
Cost/Adult ($)
6
Skilled Labor Cost ($/hr)
2.8
365
Brood Mortality (%/wk)
Growing Period (days)
6,750
0.5-1.0
Juvenile M arket Size (g)
Average Yield (Juv./wk.)
Cost or
Number
Cost/Unit
Item
Unit
($) Value
o f Units
or Price
1. Variable Costs
250
Broodstock/Juvenile Feed
625
0.40
kg
Labor (incl. fringe)
hr
2,080
11,544
5.55
19,552
Skilled Labor (incl. fringe)
hr
2,080
9.40
Electricity
kwh
23,450
293,125
0.08
338
Vehicle (fuel, oil, lube)
hr
150
2.25
1,000
Maintenance & Repair
$
500
Miscellaneous
$
6,796
Interest on Oper. Capital
12%
56,634
$
Total
$
63,430
2. Fixed Costs
Interest (facilities & equip.)
Depreciation
Total

$
$
$

3. Total Expenses

$

170,512

4. Cost/Juvenile

$

0.49

482,685

9%

43,442
63,640
107,082
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Item 1. Variable Costs
Feed - A 40% protein crustacean diet was used in the breeding experiments.
A commercial trout-starter diet (50% protein) was used for juvenile production. The
average price for these feeds is $0.40/kg. Approximately 625 kg o f feed are needed
per year o f operation, based on a feeding rate o f 1.5% body weight per day. Feed
costs comprised only 0.3% o f total variable costs.
Labor - The exact labor requirements for a redclaw hatchery are not known.
However, redclaw production requires continuous sorting and grading as well as
meticulous care o f gravid females. Maintenance o f a large recirculating system also
requires experience to operate. Consequently, the labor requirements for a redclaw
hatchery are substantial. Estimated labor requirements are based on research
experience and on actual employment by redclaw hatcheries.
In this study, the operator furnishes routine labor, and management.
Additional labor is required to assist in hatchery operations (feeding, sorting,
packing, maintenance). An experienced biologist must be hired at a rate o f $8.50 per
hour. In addition, one full-time laborer will be needed at the current minimum wage
rate o f $4.65 per hour. Labor expenses (including fringe benefits) make up
approximately 49% o f the total variable costs o f production. Labor costs could
potentially be reduced if systems are developed that allow efficient harvesting,
automated sorting and feeding.
Electricity - Utility costs for temperature control, lighting, and recirculating
systems are based on actual costs for the experimental hatchery during 1993. In the
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experimental hatchery, ambient temperature was maintained at 28°C using electric
heat and air conditioning. This cost, combined with lighting and pumping for
recirculating systems, comprised a total cost o f $2.00/m2 o f hatchery space/month.
Temperature in the proposed, 930-m2 hatchery will be maintained similarly using
electric air, and 7.6 cm o f blown cellulose insulation inside the metal building.
Electricity usage was also calculated for pumping from a water well for the hatchery
and broodstock ponds. Pumping costs were based on a 153-m water well delivering
757 liters/minute (Baker and Bankston 1988). In addition, pond aerator electricity
usage was calculated using estimates for emergency aeration in channel catfish
(Ictalurus punctatus) production (Crews and Jensen 1989). Annual electricity costs for
the proposed hatchery ($23,450) were the second highest variable operating cost,
comprising 37% o f the total.
Vehicle (fuel, oil, lube) - One 3/4 ton pick-up truck (or equivalent utility
vehicle) was budgeted for travel, routine maintenance, and hatchery operations. The
hatchery was assumed to be close to the operator's residence. Vehicle usage rates (in
hrs) were based on values derived from Crews and Jensen (1989) for channel catfish
production in Alabama.
Maintenance and Repair - This figure represents costs incurred for incidental
repairs on facilities and equipment, including routine maintenance o f building
structures, ponds and surrounding land.
Miscellaneous - This item includes incidental costs such as telephone
expenses, operating permits, and contingencies.
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Interest on Operating Capital - This value (12%) represents interest charged to
operating capital used for one year. Interest rates were set midway between current
rates for Louisiana Agricultural Center budgets (Louisiana State University
Agricultural Center, 1994), and industry opinion for the described operation.
Item 2. Fixed Costs
Fixed costs were derived from expenses related to land acquisition, hatchery
construction, machinery and equipment purchases, and depreciation. Facilities and
equipment needs are presented in Table 3. The same value ($482,685) was used in
both aquarium trade and grow-out production scenarios.
Interest (building & equipment) - The number o f units was transferred from
the cell at the bottom o f Table 3. Annual long-term interest rates were figured at 9%.
Depreciation (building & equipment) - Depreciation was calculated using the
straight line method. The value ($63,640) was taken from the last column o f Table 3.
Item 3. Total Expenses
The total o f all specified expenses was $170,082.
Item 4. Juvenile Cost
The per juvenile cost o f production based on the above described
experimental production system and the proposed 930-m2 hatchery was $0.49.

INCOME
In Table 5, the gross and net income are included for each production
scenario (aquarium and grow-out). They are identical except for the price received
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for the juveniles. At the time this study was conducted, prices for aquarium juveniles,
as provided by U.S. redclaw producers, ranged from $1.50 to $3.50 each. A
conservative estimate o f $1.00 per juvenile was used for budgeting purposes. Growout prices ($0.20) are derived from figures provided by Australian producers, but do
not include shipping costs or mortality. It was assumed that all animals produced
could be marketed at these prices.

Table 5. Gross and net income for a 930-m2, intensive redclaw crayfish hatchery
facility producing 0.5-1 g juveniles for pond grow-out, or the aquarium trade.
Number
Cost/Unit
Cost or
or Price
Item
o f Units
($) Value
Unit
1. Gross Receipts
1.00
351.000
351,000
Juveniles (Aquarium)
ea
351.000
0.20
70,200
Juveniles (Grow-out)
ea
2. Income Above
Variable Costs

Aquarium
Grow-out

287,570
6,770

3. N et Returns
to M anagement

Aquarium
Grow-out

180,488
(100,312)

Item 1. Gross Receipts
Based on the expected yield o f 351,000 juveniles per year, the gross income
for the aquarium trade scenario was $351,000 per year, while the grow-out scenario
was $70,200 per year.
Item 2. Income Above Variable Costs
The income above variable costs was $287,570 for the aquarium trade
scenario, and $6,770 for the grow-out production scenario.
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Item 3. Net Returns to Management
The expected net return was $180,488 for the aquarium trade operation and
-$100,312 for grow-out. While the aquarium trade operation appears to be profitable,
the grow-out approach seems to be completely uneconomical. Previous findings about
the commercial feasibility o f pond production o f redclaw in the southern United
States have determined that an average price o f $0.10 per juvenile produces marginal
economic results (Medley et al. 1991; Nelson et al. 1992; Medley et al. in press).

SENSITIVITY ANALYSES
Sensitivity analyses give preliminary indications o f the effects on project
financial indicators resulting from changes in production yield, cost and market price.
In Table 6, a sensitivity analysis shows the changes in net returns to percent change
in total costs or juvenile price for the aquarium trade and grow-out scenarios. It is
clear from the budget information that growing redclaw juveniles for sale to
commercial grow-out operations is unprofitable even with a 30% reduction in total
cost combined with a 30% increase in juvenile price.
The enterprise budgets for ornamental production were sensitive to changes in
both price and production cost. With a 10% increase in juvenile price, net returns
increased by 19%, while a 10% reduction in total costs increased net returns by 9%.
The aquarium trade scenario was unprofitable at a 35% decrease in juvenile price
($0.65) and a 35% increase in total costs ($230,191).
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Table 6. Sensitivity analysis o f net returns to percent change in total operating cost,
and price received for juveniles sold to the aquarium trade, or for pond grow-out.
Percent Change in Price Received
Percent Change
in Total Costs
-20
20
-30
-10
0
10
30
Aquarium
)Vet Returns
-30 126,342 161,442 196,542 231,642 266,742 301,842 336,942
-20 109,290 144,390 179,490 214,590 249,690 284,790 319,890
-10 92,239 127,339 162,439 197,539 232,639 267,739 302,839
0 75,188 110,288 145,388 180,488 215,588 250,688 285,788
93,237 128,327 163,437 198,537 233,637 268,737
10 58,137
20 41,086
76,186 111,286 146,386 181,486 216,586 251,686
94,234 129,334 164,434 199,534 234,634
30 24,034
59,134
Grow-out
N et Returns ($1
(63,198)
(56,178)
(49,158) (42,138) (35,118) (28,098)
(70,218)
-30
-20 (87,270) (80,250) (73,230) (66,210) (59,190) (52,170) (45,150)
-10 (104,321) (97,301) (90,281) (83,261) (76,241) (69,221) (62,201)
0 (121,372) (114,352) (107,332) (100,312) (93,292) (86,272) (79,252)
10 (138,423)(131,403) (124,383) (117,363) (110,343) (103,323) (96,303)
20 (155,474) (148,454) (141,434) (134,414) (127,394) (120,374) (113,354)
30 (172,526) (165,506) (158,486) (151,466) (144,446) (137,426) (130,406)

Table 7 shows the sensitivity o f net returns to changes in juvenile yield. Net
returns were highly sensitive to juvenile yield. In the aquarium scenario, a 10%
decrease in survival over the expected amount produced a 19% drop in net returns.

Table 7. Sensitivity analysis o f net returns to percent change in juvenile yield.
Percent Change in Juvenile Yield
-30
-20
-10
0
10
20
30
N et Returns ($)
Aquarium
75,188 110,288 145,388 180,488 215,588 250,688 285,788
Grow-out
(121,372) (114,352) (107,332) (100,312) (93,292) (86,272) (79,252)

65
Table 8 shows the sensitivity o f net returns to changes in long-term interest
rates applied to buildings and equipment. Net returns were not highly sensitive to
changes in interest rates for the aquarium scenario. A 33% decrease in long-term
rates increased the net returns by only 8%. However, changes in interest rates had a
considerable impact on the grow-out scenario, although still unprofitable. The same
decrease in interest rate (33%), reduced losses by 14% ($14,481).

Table 8. Sensitivity analysis o f net returns to changes in long-term interest rates
applied to facilities and equipment.
Long-term Interest Rate (%)
6
7
8
9
10
11
12
N et Returns ($)
Aquarium
194,969 190,142
185,315 180,488 175,661170,835166,008
Grow-out
(85,831) (90,658) (95,485) (100,312) (105,139) (109,965) (114,792)

DISCUSSION
In this paper we have attempted to provide a timely extrapolation o f results
from small-scale research experiments to a conceptually realistic commercial
operation. Since so little information is available on redclaw production and
marketing, more research is necessary to obtain a complete picture o f the economic
feasibility o f commercialization. The economics o f hatchery production described in
this paper can be used as a guideline o f what producers will encounter when growing
redclaw juveniles in the manner described.
From this research, it is clear that a valid marketing study must be done to
determine consumer demand and accurate prices for the various product forms for
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redclaw. It is also clear that producing juveniles for sale to potential pond producers
will not likely be feasible for either the juvenile producer or the grow-out farmer.
The high juvenile production costs using the system described, do not allow for sales
to any market other than the ornamental aquarium trade. While raising juveniles for
sale to the aquarium trade appears to be profitable, the extent o f this market is
unknown. M arkets for aquarium juveniles are scattered and unorganized. New
producers will have to aggressively market juveniles to compete in existing markets.
They will also have to develop new markets for their product.
As indicated, redclaw hatchery returns were sensitive to changes in yield,
price, and total cost o f production. While the methods used to produce juveniles in
this study are sound, they are not the only way to produce juvenile redclaw. Because
o f the experimental nature and continuous monitoring to obtain the necessary data,
production potential was slightly compromised. Innovative systems that minimize
disturbance and incorporate natural foods such as zooplankton could potentially
reduce juvenile costs to $0.25 each or lower.
To improve juvenile survival to acceptable levels, thus increasing hatchery
returns, alternative production systems need to be researched. Systems better suited to
take advantage o f redclaw's prolific nature, but low fecundity could increase
production to adequate levels. Systems that allow juveniles to be released from
females without handling are critical. In addition, hatcheries that have access to
geothermal water sources could eliminate major electricity costs encountered in this
study. Greenhouse structures, covered raceways, or facilities in the extreme southern
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U.S. could also increase the potential for large-scale production. Juvenile suppliers in
the more southern areas may be able to provide juveniles to producers farther north.
Efficient overwintering facilities may allow producers to harvest gravid females from
breeding ponds, and overwinter only the hatchling juveniles. Broodstock could
potentially be overwintered, and stocked outside in the spring to promote pond
spawning.
As a means o f reducing start-up costs it is conceivable that redclaw hatcheries
can be incorporated into existing facilities, such as soft-shell crayfish shedding
systems, channel catfish hatcheries, and alligator bams. Because many o f these
facilities already exist, it may be easier to enter into juvenile redclaw production
without the high financial commitment. With recent price drops for alligator and softshell crayfish products, many o f these producers are looking to diversify. Redclaw
juveniles may provide a solution to dwindling monetary resources, particularly when
rearing juveniles for the aquarium trade.
Overall, redclaw have many attributes that suggest they will be a suitable
aquaculture species. They are robust, appealing, and have a biology that allows for
low-technology grow-out in ponds. At present, juvenile costs are high, but can be
reduced through further research and development. The extent o f this cost reduction
is not known. Even with the tempting profits generated from aquarium sales, redclaw
hatcheries are a very risky endeavor.

68

LITERATURE CITED IN CHAPTER 2
Baker, G. & Bankston, J.D., Jr. 1988. Selecting a pumping plant for aquacultural
production. Louisiana Agricultural Experiment Station Extension Service
Publication, Louisiana State University Agricultural Center, 23 pp.
Cann, B. 1990. The economics o f red-claw for small ponds. In: Farming the RedClaw Freshwater Crayfish (Shelly, C.C. & Pearce, M.C., eds.), pp. 38-40.
Primary Industry and Fisheries, Fishery Report No. 21, Darwin, Northern
Territory.
Cann, B. & Shelly, C. 1990. The bio-economics o f red-claw. In: Farming the RedClaw Freshwater Crayfish (Shelly, C.C. & Pearce, M.C., eds.), pp. 34-37.
Primary Industry and Fisheries, Fishery Report No. 21, Darwin, Northern
Territory.
Crews, J. & Jensen, J.W. 1989. Budget and Sensitivity Analyses for Alabama Catfish
Production. Alabama Cooperative Extension Service Publication, Auburn
University, Alabama, July 1989, 18 pp.
Hinton, A. 1994a. An economic perspective o f redclaw farming. In: Proceedings of
the Redclaw Farming Workshops (Jones, C.M. & Curtis, M.C., eds.), pp. 5265. February 12-17, 1994. Queensland Department o f Primary Industries,
Walkamin, Queensland.
Hinton, A. 1994b. Redclaw farming - an economic perspective. In: Redclaw Crayfish
Aquaculture, Proceedings o f a Queensland Department o f Primary Industries
"Choices" Seminar, pp. 22-35. March 1, 1994. Mareeba, Queensland.
Hu, Q. 1990. On the culture o f Penaus penicillatus and P. chinensis in southern
China. In: The Culture of Cold-Tolerant Shrimp (Main, K.L. & Fulks, W.,
ed.), pp. 77-91. The Oceanic Institute, Honolulu, Hawaii.
Hutchings, R. 1990. Economics and marketing of red-claw. In: Farming the RedClaw Freshwater Crayfish (Shelly, C.C. & Pearce, M.C., eds.), pp. 32-33.
Primary Industry and Fisheries, Darwin, Fishery Report No. 21, Northern
Territory.
Lee, D.O'C. & Wickens, J.F. 1992. Crustacean Farming. Halstead Press: an Imprint
of John Wiley & Sons, New York/Toronto, 392 pp.

69
Louisiana State University Agricultural Center. 1994. Projected costs and returns and
cash flows for major agricultural enterprises in Louisiana, 1994. Louisiana
State University Department o f Agricultural Economics and Agribusiness,
A.E.A. Information series No. 117-124, Baton Rouge, LA.
Malone, R.F. & Burden, D.G. 1988. Design o f recirculating soft crawfish shedding
systems. Louisiana Sea Grant College Program, Louisiana State University,
Baton Rouge, LA, 75 pp.
Medley, P.B., Nelson, R.G., Rouse, D.B. & Hatch, L.U. 1991. Economic feasibility
and risk analysis o f pond produced Australian red claw crayfish (Cherax
quadricarinatus) in the southeastern United States. Auburn University
Department o f Agricultural Economics and Rural Sociology, Working Paper
Series No. 91-6, Auburn University, Alabama, 31 pp.
Medley, P.B., Nelson, R.G., Rouse, D.B., Hatch, L.U. & Pinto, G.F. (In Press).
Economic feasibility and risk analysis o f Australian red claw crayfish
aquaculture in the southeastern United States. Journal o f The World
Aquaculture Society.
Nelson, R.G., Rouse, D.B., Hatch, L.U., Medley, P.B. & Pinto, G.F. 1992.
Economics o f producing Australian crayfish in Alabama ponds. Highlights of
Agricultural Research, Alabama Agricultural Experiment Station, Auburn
University, Alabama 39(4): 8.
New, M.B. 1990. Freshwater prawn culture: a review. Aquaculture 88(2) 1-44.
Rubino, M.C. 1992. Economics o f red claw (Cherax quadricarinatus (von Martens,
1868)) Aquaculture. Journal o f Shellfish Research 11(1): 157-162.

CONCLUSION
Redclaw could eventually have a position in domestic aquaculture given its
positive attributes, and high interest expressed by producers. However, it is evident
from this research that producing juveniles in hatcheries for sale to pond producers
will not be economically feasible for either the juvenile producer or the grow-out
farmer. The low production capabilities and high costs do not allow for juvenile sales
to any other market than for the ornamental aquarium trade. Before redclaw
production can happen in the U.S. there are obstacles that need to be dealt with
through research. The following is a list o f important topics that will help further
redclaw production in the U.S.
Alternative juvenile production systems, other than the one used in this study,
need to be researched. Systems better suited to take advantage o f the redclaw's
breeding patterns could help increase production to acceptable levels. Systems that
allow juveniles to be released from females without handling are critical.
Production systems that incorporate geothermal water, greenhouse structures,
covered raceways, or facilities in the extreme southern U.S. could increase the
potential for large-scale production. Efficient overwintering facilities may allow for
harvesting gravid females from breeding ponds just prior to the onset o f winter, and
overwintering only the juveniles. Another option would be to overwinter broodstock,
keep the sexes apart, and stock them in ponds in the spring to promote pond
spawning.
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While these systems have some potential, there are many biological aspects o f
juvenile production that need to be addressed. Lack o f appropriate diets for redclaw
juveniles and broodstock provide an excellent area for nutrition research. Prepared
diets better suited to the nutritional needs o f redclaw, and/or live diets could provide
increased survivals needed to meet production demands. In addition, research dealing
with social interaction and aggression could alleviate some o f the survival problems
among juveniles and broodstock.
Diseases encountered in this study need to be examined to find appropriate
preventative methods. Egg loss can be greatly reduced if an effective means o f fungal
control were developed to prevent egg loss. All future shipments o f redclaw should
be pre-treated with saline baths to avoid further introductions o f the Australian
temnocephalid flatworm (D . Boschmai). Existing U.S. stocks should be examined for
this worm and treated. The potential environmental impacts o f this worm are
unknown, and given its ability to consume crayfish eggs, should not be ignored.
As mentioned, there is a possibility o f developing cold-tolerant strains o f
redclaw crayfish through selective breeding programs. This could allow for more
management options in temperate climates. However, the nature o f this research
requires environmental testing to determine potential impacts o f cold-tolerant
redclaw, and their effect on native aquatic habitats.
Overall, redclaw have many positive attributes that indicate they will be a
suitable aquaculture species. They are robust, appealing, and have a biology that
allows for low-technology grow-out in ponds. Juvenile costs can be reduced through
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further research and development. The extent o f this cost reduction is not known, but
may ultimately reach a level to stimulate large-scale production in certain areas in the
U.S. While this study suggests that large-scale pond production is unlikely in the
near future, production o f redclaw for the aquarium trade remains a possibility.
Although there seems to be some potential for producing redclaw juveniles in this
manner, there is little known about the extent o f this market. A marketing study must
be done to determine consumer demand and accurate prices for juvenile redclaw sold
to the pet fish industry. However, even with the tempting profits generated from
aquarium sales, redclaw hatcheries in the United States are a very expensive and
risky endeavor.
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